GS-9131 is a phosphonoamidate prodrug of the novel ribose-modified phosphonate nucleotide analog GS-9148 that demonstrates potent anti-human immunodeficiency virus type 1 (HIV-1) activity and an excellent resistance profile in vitro. Prodrug moieties were optimized for the efficient delivery of GS-9148 and its active diphosphate (DP) metabolite to lymphoid cells following oral administration. To understand the intracellular pharmacology of GS-9131, incubations were performed with various types of lymphoid cells in vitro. The intracellular accumulation and antiviral activity levels of GS-9148 were limited by its lack of cellular permeation, and GS-9131 increased the delivery of GS-9148-DP by 76-to 290-fold relative to that of GS-9148. GS-9131 activation was saturable at high extracellular concentrations, potentially due to a high-affinity promoiety cleavage step. Once inside the cells, GS-9148 was efficiently phosphorylated, forming similar amounts of anabolites in primary lymphoid cells. The levels of GS-9148-DP formed in peripheral blood mononuclear cells infected with HIV-1 were similar to that in uninfected PBMCs, and approximately equivalent intracellular concentrations of GS-9148-DP and tenofovir (TVF)-DP were required to inhibit viral replication by 90%. Once it was formed, GS-9148-DP was efficiently retained in activated CD4
The 2Ј-fluorine ribose-modified nucleotide phosphonate analog [5-(6-amino-purin-9-yl)-4-fluoro-2,5-dihydro-furan-2-yloxymethyl]-phosphonic acid (GS-9148 or Fd4AP) ( Fig. 1) is a selective inhibitor of wild-type and drug-resistant forms of human immunodeficiency virus type 1 (HIV-1) in vitro (5) . Strains carrying mutations that cause resistance to nucleoside/ nucleotide reverse transcriptase inhibitor (NRTI) therapy showed either a lack of resistance to GS-9148 (K65R, L74V, and M184V) or a less marked effect on the susceptibility to GS-9148 relative to that of FDA-approved NRTIs in vitro (multiple thymidine analog mutations) (5) . Fluorine at the 2Ј position was rationally designed into the molecule in order to increase the selectivity for HIV-1 reverse transcriptase (RT) over that of mitochondrial DNA polymerase ␥ (23), and enzymatic studies have illustrated that the diphosphate metabolite of GS-9148 (GS-9148-DP) is a potent inhibitor of wild-type and resistant RT while showing minimal inhibition of host polymerases (5) .
Despite the promising in vitro profile of GS-9148, phosphonate nucleotide analogs have poor cellular permeation and oral bioavailability due to the charges on the phosphonic acid at physiologic pH levels (6, 31) . In order to overcome these limitations,
GS-9148 was derivatized with ethanolalaninyl monoamidate and monophenol promoieties to create the phosphonoamidate prodrug 9-(R)-4Ј-(R)-[[[(S)-1-[(ethoxycarbonyl)ethyl]amino]phenoxyphosphonyl]methoxy]-2Ј-fluoro-1Ј-furanyladenine (GS-9131).
In activated peripheral blood mononuclear cells (PBMCs) and CD4 ϩ lymphocytes, GS-9131 shows higher anti-HIV-1 activity in vitro than the most potent FDA-approved NRTI 3Ј-deoxy-3Ј-azidothymidine (AZT), and following its oral administration to beagle dogs, GS-9131 had approximately 26% oral bioavailability, resulting in high and persistent levels of GS-9148-DP in circulating lymphocytes (5) . In this report, we describe studies exploring the cellular pharmacology of GS-9148 and its prodrug, GS-9131, in various lymphoid cells in vitro.
(This work was presented in part at the 13th Conference on Retroviruses and Opportunistic Infections, 5 to 8 February 2006, Denver, CO [25] .)
MATERIALS AND METHODS
Materials. GS-9131, GS-9148, and GS-9148 monophosphate (MP) were prepared by the Medicinal Chemistry Department, Gilead Sciences, Inc. (Foster City, CA). The synthesis of GS-9148 and GS-9131 has been presented elsewhere (C. G. Boojamra, R. L. Mackman, D. Y. Markevitch, V. Prasad, A. S. Ray, J. Douglas, D. Grant, C. U. Kim, and T. Cihlar, submitted for publication ; 20) . Tenofovir (TFV) and its prodrug, TVF disoproxil fumarate (TDF), were provided by Gilead Sciences, Inc. TFV-DP and GS-9148-DP were synthesized from TFV and GS-9148, respectively, by Trilink Biotechonologies (San Diego, CA). TFV-MP was generously provided by Ivan Rosenberg, Institute of Organic Chemistry and Biochemistry, Czech Academy of Sciences, Prague, Czech Republic. Tissue culture reagents were obtained from Mediatech Inc. (Herndon, VA). Nyosil M25 oil, used to separate lymphocytes from media, was obtained from TAI Lubricants, Inc. (Hockessin, DE). All other reagents were the highest quality available from Sigma-Aldrich (St. Louis, MO).
Cell culture. PBMCs were isolated from human buffy coat samples (Stanford Blood Bank, Palo Alto, CA), using centrifugation in Ficoll Paque Plus (GE Healthcare, Piscataway, NJ) according to the manufacturer's procedure. PBMCs isolated from three to four independent donors were maintained in RPMI 1640 medium with 20% fetal bovine serum and antibiotics (the quiescent state) or were activated in the presence of interleukin 2 (20 units/ml; Roche Biochemicals, Indianapolis, IN) and phytohemagglutinin P (PHA-P; 1 g/ml; Sigma) for 3 to 4 days before experiments were initiated. Human CD4 ϩ T lymphocytes were purified from isolated and activated PBMCs by negative magnetic bead sorting on AutoMACS using a CD4 ϩ T-cell Isolation Kit II (Miltenyi Biotec, Auburn, CA). Human transformed CCRF-CEM T cells were obtained from American Type Culture Collection (Manassas, VA) and cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum and antibiotics.
Uptake and egress of GS-9148 and its anabolites. To characterize the intracellular metabolism rates of the prodrug and the parent phosphonate nucleotide analog, activated CD4 ϩ lymphocytes were treated with either 1 M GS-9131 or 100 M GS-9148 for 2, 6, and 24 h. The retention and intracellular half-life of GS-9148 metabolites in cells were determined following treatment with GS-9131. Cells were preincubated for 24 h with 0.3 M GS-9131, washed three times in fresh culture medium, and incubated in the absence of compound for 2, 4, 24, and 48 h. In all experiments, an aliquot of cells (2 ϫ 10 6 to 3 ϫ 10 6 cells) was collected at each time point, counted, pelleted by centrifugation, resuspended in 0.5 ml of the original treatment medium, and layered onto 0.5 ml of Nyosil M25 oil. Oil separation of cells from extracellular medium was done essentially as described previously (24) . The samples were spun in a microcentrifuge for 20 s at the maximum speed (approximately 800 ϫ g). The top layer of medium was removed, and the oil layer was washed twice with 0.8 ml of phosphate-buffered saline. The washing buffer and the oil layer were carefully removed, the cell pellet was resuspended in 0.5 ml of 70% methanol, and incubated overnight at Ϫ70°C to facilitate cell lysis.
Correlation of HIV-1 activity and intracellular metabolism for adenosine analogs in activated PBMCs. The nucleoside analog 2Ј,3Ј-dideoxyinosine (ddI) and the amidate prodrugs of TFV and GS-9148 were incubated at concentrations anticipated to cause approximately 90% inhibition of HIV-1 (between 20 and 200 nM for amidate prodrugs and from 10 to 50 M for ddI). Activated PBMCs were infected in bulk with the HIV-1 BaL strain (Advanced Biotechnologies, Inc., Columbia, MD) for 3 h at 37°C and washed three times in fresh medium. Infected cells were seeded into 24-well plates (3 ϫ 10 6 cells/well), and dilutions of tested compounds were added to make a final assay volume of 1.5 ml. Viral inhibition was measured by p24 enzyme-linked immunosorbent assay (Beckman Coulter, Miami, FL) with samples taken at 96 and 120 h following the addition of compounds. Cell samples were taken at 24 and 60 h after the initiation of drug treatment in order to measure intracellular nucleotide analog levels and to correlate the levels with the percentage of viral inhibition observed. Samples were collected as described above, and intracellular metabolites were measured as specified in the nucleotide quantitation section below.
Metabolite quantitation. Cell lysates stored in 70% methanol were centrifuged, and supernatants were collected and dried by vacuum and resuspended in 10 l of tetrabutyl ammonium acetate containing the nonfluorinated analog of GS-9148-DP. Transient ion-pairing high-performance liquid chromatography coupled to positive ion electrospray tandem mass spectrometry (LC-MS-MS) was used to quantitate intracellular nucleotides. Methods were adapted from those described for the quantitation of acyclic phosphonate nucleotide analog adefovir, its phosphorylated metabolites, and natural nucleotides (30) . Standard curves and quality control samples were generated for all analytes using extracts from untreated cells. Seven-point standard curves generally ranged from 0.03 to 20 pmol/million cells and had linearity in excess of an r 2 equal to 0.99 for all analytes. The lower limits of quantitations for all analytes ranged from 0.05 to 0.1 pmol/million cells. Low-and high-concentration quality control samples (typically 0.2 and 10 pmol/million cells, respectively) were run with each analyte at the beginning and end of each analytical run to assure accuracy and precision within 20%.
Competition for anabolism between GS-9148 and TFV and their prodrugs. CEM-CCRF cells and both quiescent and activated PBMCs were incubated with GS-9148 and TFV or with GS-9131 and TDF (the orally bioavailable prodrug of TFV), either alone or in two-drug combinations. Incubations were performed at concentrations expected to generate suprapharmacologic intracellular concentrations, to maximize the possibility of detecting antagonism. Therefore, 100 to 250 M of the phosphonate nucleotide analogs or 1 M of their prodrugs were incubated for 24 h in the presence of specified cells. Samples were collected at 2, 6, and 24 h as described above, and intracellular metabolites were measured as described above in Metabolite quantitation.
Inhibition of PNP. A colorimetric 96-well assay was performed to assess the inhibition of human purine nucleoside phosphorylase (PNP)-mediated phosphorolysis of ddI, essentially as described previously (9, 24) . Briefly, inhibition constants (K i ) were generated by obtaining binding curves for ddI (measuring the rate of phosphorolysis between 100 M and 4 mM ddI) in the presence of different concentrations of GS-9148 or its phosphorylated metabolites or the positive control TFV-MP. Incubations included 20 nM human PNP, 35 mU of xanthine oxidase, 0.075% Triton X-100, 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrazolium chloride, and 1 mM HEPES (pH 7.6). Nonlinear kinetic curve fitting was performed using Kaleidagraph version 3.5 (Synergy Software, Reading, PA).
RESULTS

Relative formation of GS-9148-DP following incubations with either GS-9148 or GS-9131.
To test the effect of the addition of promoieties on the intracellular accumulation of the active metabolite, incubations were performed with various lymphoid cells in the presence of GS-9131 or GS-9148, and the levels of GS-9148-DP were compared upon quantitation of intracellular extracts. GS-9148 was incubated at a 100-fold higher concentration (100 M) than GS-9131 (1 M) to facilitate the accurate analysis of the much lower intracellular accumulation of metabolites observed following GS-9148 incubation. As shown in 9148-MP, and GS-9148-DP were readily detected in cell extracts by LC-MS-MS (Fig. 3A) . When CEM-CCRF T cells (a human lymphoblast cell line) were incubated with 1 M GS-9131, GS-9148 was rapidly released inside the cells, and the drug levels appeared to plateau following approximately 6 h. GS-9148-MP accumulated slowly, followed by the formation of GS-9148-DP that increased linearly over 24 h (Fig. 3B) . A similar concentration-versus-time profile was observed for GS-9148 and its phosphorylated metabolites with both quiescent and activated PBMCs, as well as with activated CD4 ϩ cells isolated as the most relevant target subpopulation of PBMCs (data not shown). Taking into consideration the relative intracellular volume of the cell populations tested (4), no marked differences in the intracellular anabolism of GS-9131 were observed across primary lymphoid cells, while the CEM-CCRF T-cell line, with approximately fivefold larger intracellular volume, showed two-to fivefold less efficient accumulation (Table 1) .
Concentration dependence of GS-9131 activation in activated PBMCs. The dependence of the intracellular levels of GS-9148 and its phosphorylated metabolites on extracellular GS-9131 concentration was studied by incubating activated PBMCs with 0.1, 1, and 10 M GS-9131 and measuring intracellular metabolites at 24 h. The results indicate that over the tested range of concentrations, intracellular metabolites do not increase proportionately with extracellular GS-9131 concentrations (Fig. 4) . However, the ratio of all intracellular metabolites remained constant at different GS-9131 concentrations, suggesting that the process of the intracellular release of GS-9148 from its prodrug is the limiting step reaching saturation rather than the phosphorylation of GS-9148. 
Persistence of GS-9148-DP in activated CD4
؉ cells. Phosphonate nucleotide analogs have been shown to exhibit long intracellular half-lives with a variety of cell types in vitro (8, 26, 28) and in vivo (13, 21) . To understand the persistence of GS-9148-DP, egress studies were performed with activated CD4 ϩ cells. When cells were pretreated with GS-9131 for 24 h and GS-9131 was subsequently removed from the culture medium, GS-9148-DP was observed to persist, with a half-life of 19 h (Fig. 5) . Similarly long intracellular half-lives were observed for GS-9148 and GS-9148-MP (data not shown).
Intrinsic intracellular anti-HIV-1 potency of GS-9148-DP relative to that of active metabolites of other adenosine NRTIs. The intrinsic intracellular potency levels of the active metabolites of GS-9148, TFV, and ddI were compared by determining the intracellular concentrations of GS-9148-DP, TFV-DP, and 2Ј,3Ј-ddATP, causing approximately 90% inhibition of viral replication in HIV-1-infected PBMCs in vitro ( Table 2 ). The intracellular concentration of active metabolites generally varied by less than twofold between cell samples taken after 24 and 60 h of incubation, indicating that steady-state concentrations were reached over the time interval during which viral replication was measured. At 60 h postinfection, intracellular concentrations of 1.86, 3.65, and 0.20 pmol/million cells correlated with 99.3, 91.6, and 93% viral inhibition at 120 h for GS-9148-DP, TFV-DP, and ddATP, respectively. These results suggest a ranked order in which the intrinsic intracellular potency of ddATP Ͼ GS-9148-DP Ͼ TFV-DP. A similar conclusion can be drawn from the intracellular levels generated under different incubation conditions, the metabolite levels at 24 h, and the antiviral activity at 96 h.
Interaction studies between GS-9148 and TFV. In order to determine if the metabolism of the ribose-modified adenosine phosphonate nucleotide analog GS-9148 might potentially be antagonized by the presence of the acyclic adenosine phosphonate nucleotide analog TFV and vice versa, coincubations were performed with the parent molecules and their prodrugs in lymphoid cells. The incubation of CEM-CCRF cells or pooled quiescent PBMCs from five donors with 100 M TFV and 100 M GS-9148 resulted in no intracellular drug interaction. Similarly, the coincubation of activated PBMCs with 250 M TFV and 157 M GS-9148 resulted in no evidence of an alteration in the intracellular anabolism of either phosphonate nucleotide analog (data not shown). The nucleotide prodrugs TDF and GS-9131 increase cellular loading and require hydrolytic steps to release their parent phosphonate nucleotide analogs for further phosphorylation. The coincubations of 1 M TDF with 1 M GS-9131 resulted in no marked change in the levels of their respective intracellular metabolites in CEM-CCRF cells and in both quiescent and activated PBMCs (Fig. 6 and  data not shown) . The levels of TFV-DP observed for activated PBMCs under these incubation conditions exceeded the levels measured in patients by greater than 100-fold (85 to 110 fmol/ million cells observed with patient PBMCs [13, 21] versus approximately 20 pmol/million cells observed for this study). In addition, no evidence for inhibition of the phosphorylation of TFV and GS-9148 was observed following incubation with several other phosphonoamidate prodrugs of either agent in lymphoid cells (data not shown).
Inhibition of PNP by GS-9148 and its phosphorylated metabolites. PNP is an enzyme involved in the purine nucleoside salvage pathway. Previous studies have shown that the phosphorylated metabolites of acyclic nucleoside and acyclic phosphonate nucleotide analogs can potently inhibit PNP (1, 17, 24, 35) . To determine if the ribose-modified phosphonate nucleotide analog GS-9148 and its anabolites have a similar effect, enzymatic studies were performed with purified human PNP. GS-9148, GS-9148-MP, and GS-9148-DP all showed K i values of Ͼ100 M for the PNP-catalyzed phosphorolysis of ddI (data not shown). In a side-by-side comparison, TFV-MP was found (24) .
DISCUSSION
While the current standard-of-care first-line therapies for HIV-1 have been shown to be safe and efficacious (11) , the need for therapy for patients harboring viral strains with highlevel resistance to NRTIs has not been met (33) . Extensive pharmacological profiling suggests that GS-9131 may be effective against a broad range of NRTI-resistant HIV-1 variants based on (i) the unparalleled resistance profile of GS-9148, including in vitro activity against common NRTI resistance mutations (5); and (ii) the ability of the phosphonoamidate prodrug to deliver sufficiently high levels of active metabolite to infected cells to potentially overcome resistant virus (5, 19) . Here, we have explored in detail the intracellular pharmacology of GS-9131 and have characterized its activation in lymphoid cells.
The putative mechanism for the intracellular activation of GS-9131 is summarized in Fig. 7 . The marked increase in intracellular levels following incubation with GS-9131, relative to that of GS-9148, reflects both the increased permeation of the more lipophilic prodrug and the efficient intracellular promoiety cleavage. Similar increases in intracellular accumulation and antiviral activity have been observed for GS-7340, a related phosphonoamidate prodrug of TFV (19) . A recent report found that lysosomal serine protease cathepsin A is at least in part responsible for the intracellular activation of GS-9131 and GS-7340 in lymphoid cells (3) . Increased intracellular accumulation of the substantially more carboxylesterase-reactive substrate TDF has also been observed in vitro; however, these effects are likely less relevant in vivo due to the substantially lower stability of disoproxil promoieties in the systemic circulation (28) . Saturable cell loading following incubation at different concentrations of GS-9131 was observed. Based on [1] and is cleaved by lysosomal protease cathepsin A and possibly by other cellular hydrolases [2] . Phenol is lost by spontaneous nucleophilic release [3] , and L-alanine is then released through hydrolysis of the P-N bond yielding GS-9148, either by a previously described phosphoamidase (29) or spontaneously due to the low pH present in the lysosomal compartment [4] . The poor cell membrane permeation of the nucleotide analog GS-9148 [5] is then phosphorylated by the rate-limiting first phosphorylation step, likely catalyzed by an adenylate kinase [6] , followed by the more efficient second phosphorylation step, putatively catalyzed by creatine kinase or other kinases [7] , generating the active metabolite GS-9148-DP.
652
RAY ET AL. ANTIMICROB. AGENTS CHEMOTHER.
the constant ratio of GS-9148 to its phosphorylated metabolites, it does not appear that this phenomenon is due to the saturation of GS-9148 phosphorylation. While the observed saturation likely reflects a high affinity step in the cleavage of GS-9131, the saturation is probably not due to limiting GS-9131 activation by cathepsin A based on the reported K m of 363 M for GS-9131 (3). Saturation may occur during the subsequent step of phosphonoamidate bond cleavage. Importantly, the saturation is likely to have little impact on the in vivo loading of lymphoid cells as GS-9131 is expected to reach a maximal plasma concentration substantially below 10 M at efficacious clinical doses. The lack of dependence on cell type or activation state of GS-9148 phosphorylation may suggest that, like acyclic adenosine phosphonate nucleotide analogs (15, 27, 28) , GS-9148 is initially phosphorylated by the ubiquitous activity of adenylate kinases. The lower levels of intracellular GS-9148-MP in all cell types tested in the present study (with the exception of activated PBMCs, where GS-9148-MP and -DP levels were not markedly different) may indicate that the initial phosphorylation step is rate limiting and is followed by a more rapid enzymatic conversion to GS-9148-DP. While the identity of the enzyme(s) catalyzing the more efficient second phosphorylation step cannot be ascertained from these studies, various nucleoside DP analogs have been found to be phosphorylated by several enzymes such as nucleoside DP kinase, creatine kinase, and pyruvate kinase (16) . The equivalent in vitro activation of GS-9131 to its active metabolite in multiple lymphoid cell types suggests that the prodrug should be able to efficiently deliver GS-9148 to various reservoirs for viral replication.
The intracellular half-life observed for GS-9148-DP in activated CD4 ϩ lymphocytes is not unlike the 15.4-h half-life observed for TFV-DP in activated PBMCs (28) . The persistence observed for GS-9148-DP in vitro is consistent with that of the in vivo PBMC profile observed with dogs following the oral administration of GS-9131 (5). In general, intracellular persistence is an advantage for phosphonate nucleotide analogs over their nucleoside analog counterparts. For example, the active metabolites of the nucleoside analogs AZT, d4T, and abacavir have all been reported to have half-lives of between 3 and 5 h in vitro (7, 10, 14, 18) . The long half-life observed with lymphocytes for TFV-DP in vitro has been found to translate into a median half-life of 150 h in patient PBMCs relative to the shorter 12 to 19 h half-life measured for carbovir triphosphate (the active metabolite of abacavir) in the same study (13) . The long intracellular persistence measured for GS-9148 and its phosphorylated metabolites suggests that once-daily dosing should allow for consistent lymphoid exposure and marked accumulation in target cells upon repeat dosing.
The K i values for the inhibition of purified RT for GS-9148-DP, TFV-DP, and ddATP have been determined to be 0.80, 0.18, and 0.021 M, respectively (5) . To obtain a more pharmacologically relevant understanding of the in situ inhibition of RT by these compounds, studies were performed that found correlations between the intracellular active metabolite concentrations and the inhibition of virus replication in HIV-1-infected PBMCs. While the finding of a Ն10-fold higher intracellular potency for ddATP compared to that of GS-9148-DP and TFV-DP was consistent with data from enzymatic assays, the fourfold enhanced potency observed for TFV-DP over GS-9148-DP in enzymatic assays was not found in HIV-1-infected cells. The more equivalent in situ activity levels of GS-9148-DP and TFV-DP may reflect the decreased rate of GS-9148 excision from chain-terminated primers relative to that of TFV (34) . In HIV-1-infected patients treated with TDF or ddI, the intracellular levels of active metabolites in their circulating PBMCs have been found to be approximately 100 and 8 fmol/million cells, respectively (2, 13) . While intracellular levels following GS-9131 administration have not yet been assessed, GS-9131 administration to beagle dogs at a potentially clinically relevant dose (3 mg/kg of body weight/day) was observed to yield intracellular GS-9148-DP levels of approximately 1,800 fmol/million cells (5) . The relative intrinsic intracellular potency of GS-9148-DP coupled with its ability to effectively load lymphoid cells in vivo suggests that GS-9131 should generate intracellular concentrations sufficient to have efficacy against both the wild-type and the NRTI-resistant strains of HIV-1.
The coadministration of NRTIs and the dependence of their activation on the metabolic machinery responsible for maintaining natural nucleotide pools for activation create the potential for intracellular drug interactions (22) . This is particularly true for analogs that share the same base and can compete for the same intracellular phosphorylation pathways. Drug interactions between the thymidine analogs 3Ј-deoxy-2Ј,3Ј-didehydrothymidine (d4T) and AZT and between the cytidine analogs L-2Ј-deoxy-3Ј-thiacytidine (3TC) and 2Ј-deoxy-3Ј-oxa-4Ј-thiocytidine (SPD754) have been found to be clinically relevant and to limit treatment consisting of the coadministration of these agents (12, 32) . No antagonism was found between TFV and GS-9148 with respect to their intracellular phosphorylation, even when they were incubated at suprapharmacologic concentrations. While TFV and GS-9148 probably share similar anabolic pathways, this result likely reflects the high capacity of the enzymes involved in adenosine phosphorylation. The lack of an anabolic drug interaction between GS-9148 and TFV is consistent with the additive to slightly synergistic anti-HIV-1 activity observed in other in vitro studies (5) . Having established the lack of an anabolic drug interaction with TFV, we wanted to assess the potential for GS-9148 and its metabolites to interfere with the catabolism of another NRTI commonly used in patients harboring highly drug resistant HIV-1, ddI. The putative mechanism for the observed increase in ddI exposure when it is coadministered with TFV is the inhibition of PNP by the phosphorylated metabolites of TFV (24) . Our studies show that there is a low potential for GS-9131 to affect ddI pharmacokinetics due to the lack of PNP inhibition observed for GS-9131 metabolites. Antiviral combination studies of GS-9148 and other nucleoside, protease, and nonnucleoside HIV inhibitors have shown additive to synergistic activity in vitro (5) .
GS-9131 is a promising new agent for the treatment of drugresistant HIV-1 based on (i) the ability to load lymphoid cells to high levels; (ii) the efficient phosphorylation of GS-9148; (iii) the long intracellular half-life of GS-9148-DP, supporting once daily dosing; (iv) the low potential for drug interactions with TFV and ddI, two NRTIs often used in treatment-experienced NRTI-resistant patients; and (v) the favorable resistance profile of GS-9148 compared to that of other marketed NRTIs (5 
